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a... REFRACTION FACTOR DISTRIBUTION 

(57) Abstract: In a multi-mode interference waveguide (MMI) of a sheet shape spreading in the length direction and the width 
direction, the length of the multi-mode interference waveguide is set to such a length that the unique mode interferes in the length 
direction, thereby reducing the coupling loss when inputting/outputting the signal light. The multi-mode interference waveguide has 
a maximum refraction factor portion in the thickness direction and has such a refraction factor distribution that the refraction factor 
is reduced as departing from the maximum refraction factor portion. Thus, it is possible to suppress mode dispersion in the thickness 
direction of the multi-mode interference waveguide and obtain a high transmission rate in the order of 10 Gb/s. 
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O # *B fi , )fegB?:Mtt5)t *•© 43: -tfi <£: — ifc L ft 

£> T' 5 „ i" ft *> t> , *KAi3feKBtf4&ffii^4D5 

i§£fr£;fr|p]K::frLTfiET-ft^SMB£^tt5i:, Sit 

)t B A tjfe § B t I i , f£ *§ H ^ & -5 tf> , f — h tfc ft -Ee 

i£ s& 5 i o i <Dfon&femisft,z>m-%-%<Dffi.mt° — ? 

& is 7 t> t 5 . 3fe»A#L 1 A Id *t /£i-5ftS§&fcj££*l, 

5fBteflr*3fe**csa*f*f±» * ^ b ^ l i b ic *t is 

o 

„ L j&s o x s H3 7 fea>ft i 5 fc, ft Kl # 3£ 

as 3 # « r± . > - h ft m m & 5 i o i ©«f>it» 5 i o 
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l a k H: — & * -f , y 2r [S] <d IE ic •? K L t ^ 5 , 

3fe i§£ H x UJif*^*©fcai>tttft#aii)!ev^ L fc ^ 0 t 
, It ® 5 1 0 2fcJ:938£Lfc3teI&ARtf3teI&B©|IIJ© 
& *S H H , ^ OlSIIfB 5 1 0 3 ^£1^5, KttE 
5 10 3 t*3VNTt), [HC^^-XAT*. ft US A ft Eg 

lx It ffi 5 1 0 2T?3§£1-5te*BM£^;i;<ffc-r5 e HI 3 8 
AH, — h#tftfc^8&5 1 0 1 SOtAltai 5 1 0 4 £ , 
133 6A^(DC-D-G-Hffi^-g-tP^PffiT*^ifbfcSlf® 
T'fe5 0 -$fc, El 3 8 B H , ^-F^3fefei«g5101O 
Itf^^^S:St^7 7-efo5 0 B 3 8 B K *5 ^ r , ®tt 
H y # ft i — ft * *Ti3 D , y m m<D JR A * * i> *B 5 1 0 
1 a <t -f 5 o 

®#TSp#*j£3£&g * *fr IB 5 1 0 1 a fc: *5 »* 5 Jffi 

tff * Sr n ma x<bb. y * fa tf> ® #f £Jt T ( ft 9 ) 

8 3 8 Bfc*5^T, # tt tt JR £r*s n ( y ) t? 0 s ffi « 
— h#3fefi2&«&5 1 0 l©y^^|©tfl|ffc5 t 
tf ©I^li5/-F^3fej5g»5 1 o l © 4> 'C? HP 5 1 0 l 
a T* 5 0 @ 3 8 B ^ b b ^ * i 5 IC , (t9) H _L K 
£i © 2 & W |£ T? % * i? IBS 5 1 0 1 aWHff^iSf±a^$ 
n max t &>!9 % 1 0 1 a^b y^lRlOllS^lJ] 

fC $£ H 5 t- b fc # o X g ft 1$ A> o if i> St $5? \Z m ffi m & {£ T 
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fcattfettl&ft*:ft¥&*ft8ft-»gtfc1-3fc:tt % mm 
^#*^Wft£&©-e«#i-;ft,#J:^ 0 fSm^fcfetr, ft 
J«ARV3felSBSreS&-t-5flr*3fc*{SI*iB5 1 0 2 *5 vn 
■CKittSffittt, f - Kft*fiSK5 l 0 l ©**i© 
& e T tb 5 tt5„ 

* « » m 1? & \c & ft * - k » m m £ ti x *$ <? . -=£■ — k r t 

mS(E«)®*fa(8^J|JiCor^5. MMITtt, ft £ 2f ft cd :*; 

# £ fi ^ ft^faKU&jeSftS 0 #; — K3fe©*3»ffi*r*o 
H ft fc 5 © T , fi: * J3 #f n„.x*«*(RlK:ajB**vS 
0 & * - K#©3l3»Jffl$fJ(S n 0 ^«tfeUfc^i&Jffi-&as < tVN 
o b fc o x , « T o 1 ^ I: J3 ^ t\ Ijff* i ttfi^iSi 
fc®ie*Jx5 0ft*-K5fe<o*JftJBJfap n 0 £ JB V^ 5 C £ 

fa -5§- ft <o & ft i: . ^-h3K*ea6Ko^ttfcJ:9*3£*^ 

ft tt . aW45^*©g|ft-eifeS ( ft 9 ) £ , ^Ilfy (c 
o^T-d/2^bd/2*ft^tfct>©lufUV\ -T 

ft ft SS ft & , 1 3 8 B Kl*5^TlSf$^^S:f f (ft 9) 

mm\z , 3feKBo«i«iftjtKfiLiBi!:stjs:t«** 

1$ ft ft S§ ft fi , 8 B ir^VNTffii d / 2 icfeftSIJf 

^©Mn ( d / 2 ) . * , tf Ily to^t - d/2A>f, 
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a » fc # * * L 1 BK^JS^Sft^fHjftftjg^fi, @3 8 
B fc *3 ^ T £ 7£ 0( % J3 Oiitf LV^ 0 

Lfc^o-C, K £t ffi 5 10 2|:i 03B£Lfc3feg&AXtJ< 
3fc!SBorao*^6!)*3fc!Sf OlA L(4, & T <D (#10 
) T? * t" o * fc , - otfr©3feKAt3fcl5B©IWk:3S^ 
t«fi*8A tt, WTO (#11) T't^tiS. fcfcb, 

A£ = ]t{»O0 - «(f )}* = 2 jf {„ Cy) )]* = ^f- miO) 

't^f>i%igiTt5«iitigir^5, * it % * 

» 5 1 0 1 a ©lJf$|^f£:t5iaiSf$(j no== 
1. 5ti£Lt^5 0 
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-CfeSo 3tKAXT*3tei&B©IW©<fcfB3&£ri?i3K: L ft It ft 

#>(c s 3feKAireS*'ii5«*3t#SJtig5 1 0 2 it L 
tc&Wfa b . 3fcKAtfi**^5fit3fca5K»l5 1 0 3 
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Ufc^s^T, - htt*fi^K5 l 0 l -e, ¥ fr ft i L 

i£*L&fl#2 7c/g©ftfttefc-t-;fttfJ:^. tftbt, 
£ i£ L fi , fi* T tf> ( ft 1 2) fcWJE-r*&»#*»*. 

^ = —7 (7=0,1,2,3...) (ft 12) 

f± n s*f®5 i o 2 sr/Klti 5 io z <d ^ -q m t 

^^•^ i ^ a roiptc, E It B5 5 1 0 2 R Xf R M m 5 1 

A L t 0 t a , tt , 1 0 2CMLTfflLfc ( ft 1 

0) fc2«Lfc«T©-(ftl3) <D«i«SEL^ c 

AL lolat =2AL = ^L (ft 13) 
o 

±12 (mi 3) f± % XltAOX^Aft^ffftjt^RBO 

t*Lt^5 0 t fc ^ o t , ( ft 1 3 ) (D^^ff-^-^ojS 
*ofi»«K-S$t5r ifciD, ft & A ffi t ft m 
BOttftiolBotg*^ nets: 5. 
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(#14) ^^^iX5^#T'fc5„ 

= i!s ^- = W (* = 1,23.-.) m 1 4) 

ft ft i£ & 5 l 0 li*t?!4t53tKAt3feKBJ:wra 
©3te*«*3fc»*©£* ( j» l 4 ) ^MJ£1-5J;5lc*^ 

SS A i: ft j& B t <0 m <D ffi ft £ 3S £. L ft „ 

C^T*. v-— F«3tfiSK5 l o l 14, Jco i 5 tRft 
^5. (Hi!)!:, (t 1 2) C i 9€llL Irft^f^ 
„ friz £ <9 ^ ffijfr^a-ffijejSfcgasfcjtSfts,, * fc , & 

*OSf U^rffi^T (#14) 5ri I f 5 „ 

WSE-#-5fc*<BA?9*— *f4 % f «t» 5 1 0 1 a Ofljfp 

* n maiS t/y*lft©ff$dt?*>5 0 ft & % t <b S 5 1 0 

1 a ®I*f$ n max.5. T>* y fa CD J? £ d £ ^ -ft £ * 5 ^ £ 

0 ?:fft^t5^HSft5 o M £ as t? # ft ^ <b § « % ® 

ftm / zt*ife%Lg,*mi\:&T£Xs mx* (t 1 2 ) tioeji 

« Jb «fc 5 fc , H»©fli5l:«5jtf/WXH:, ft 

^Atjt^B t©no)tf 6!)*3fcKf oitt, flr * * o & 
f i©iitit<i:oT^5. u ■» o r , *KAi*B 

b t <d m <o fan : ftfc&m^xM-rz>mtytB&&fr 
a it u & t -e « l ^ 0 r o & * , mm<omm 1 5 m « 
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m&te < Witts r t^-et 5„ 

MM <D M M l 5 <D m 5 # 5* * f± , 3t -fe — 

© 36 * # , v^ft&z^ipjiit^i-so-e, fl- i: ft 9£ 
Ki:§llti^t5:t#tf 5, # K . ft 3£ S& A 

<f^ft£gft^Sgftlif^/k^?>ftg|Sp«a£, ft ill 3& £ £• 

* , 1 5 Ci5 3tf/W ^ 14, ft j& A .& 

i^ft^, f9-§-*©«S©g«i«:ffiFK:<StLV^ 0 z <d M & \c 

* fc , mm (o mm i s \c # § ft ^ ^ -r * » , y # a k at 

t? s 4» i£> SB d» h & l * ft fc » o x Ml tb 3 fc: fl§ o X m #r * as 

* > H M © m m l 5 K & -5 ft ¥ y< 4 * it , ~> - h :!£ ft 
21 K 2)5 , z#ft£¥^T-&v^;frftd>bA*fLfc{i-s§-ft<o 

ft £ s z*-|B]^^fi9ftff5fc*©^lt®5 102<!: s z 
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— #f9lfttf<5fc£>0£JH-M5 l o 3 £ f: •£ A/ v> 5 0 t <d 
, M m 5 l 0 2 k M m 1 0 3 tli, 3fc ft M 3§ £ 
*B *> -5 o 

» K lc * ^^ t , SltI5 l 0 2 iJ: J: Ml t 3t © t ^ t ^ 
z ft #t 9 ft ff e> ft fc e> , ft-i-fto-r^-c^KI* 

Jffl © j ^ ( j = 0 , l, 2, 3 - • •) I; f L ^ 0 C © 1# 
fife J: 0 , -fB^-^«Att{Kli:mitfi!li:T*!i^^*^s-Sti- 

( n * © m m i 6 ) 

KT^-^ftSS 2 0 Ott, Ei3 6 {d^L-fc^A-^^ - K 

^^-^©^5 i o otM&mv^Mi&zmz-x&v), > 

- h #i ft i£ S§ 5 2 0 1 fc5„ 

"C ifc 5 „ 0 3 9 li , -r;l/f*^Kf^z^lilt5200^ 
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, H36&UIB3 7 t/TlfcitOf i 15 ti§ 

*-KTii^feH5 i o o<Dm&bm-<Dmmx~®mv 

tcmmmx* fe 5 0 03 9Cfc^T, Alt»5 1 0 4 ffl 
It £P 5 1 0 5 £ , ^1*55 10 2^, 1 0 3 i li 

5 1 0 0 **LV>fi*ffc&#o 0 

> - h #i ft i£ i& 5 2 0 1 tt % y*lRlfcJB*f*^*Sr«p 
o 0 fftjfifiSRS 2 0 1 tt, tt» 5 1 0 1 a iSf 

*mmm n max t- & s 0 - ht*ei«g5 201a, * 

to SB 5 1 0 1 a^^SlKt, ( « 9 ) ^ M J£ -5 ® 
* 5> * «r O „ * % '✓-Ftt*fia» 5 2 0 1li 4 y # 

* i> . £ , - h«*fia*5-2 0 1 OfiS*Ltt, 
WTO ( # 1 5) * » J£ U T W 5 0 

I = y (/' + 0.5) (7 = 0,1,2,...) (ic 1 5) 

(t l 5 ) r± . felSLis, - I>tt*6i!l 5 2 0 l 

-e ft a* mm-r z m <d &n m m <o ( m m + 0 . 5) -? & 5 

-^:?rf!*ttv^5„ eiSL#, ( jfc 1 5) IT 

ft is a r xt ft m b <d & n m m # > a 

ft SS A fi , KMm 5 1 0 2 ©f tAWS 5 l 0 4 ri» b is 
^itKIt Lt, z*-jRi©]E©^riRiK:Jf*>Arf6>ixe3@6$ 

thtc&^ 1 0 3 0^:t>atlJN-§P5 1 0 5fCiS^-Di!|-e 

S I* -f" 5 o IIHc % ft g§ B fi , S It d5 5 1 0 2 ©ft AM 
5 1 0 4 ^ b i£ ^ 1 f K W L T , zjjft<DjE<Djjfa\zffi 
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9 ft if h tl& m £ tU fcm , R Jit ffi 5 1 0 3(DMhtHMU5 
1 0 5^£>jiVNlB!li?SM-r<5 0 

«lifii)43lSBf L 1 Ai, L 2 A £ , L 1 B t 
, L2Bi5rII©fil5©i^tft<tif5 0 £ 

mrnomm i 6 os^, ^KAwiiwftjtKiL i At 

BfcMJ&i-Sft^lKlftfti&Sfc^LV^ * , A<DSfo 

t # 1" 3 5t ft ft }fc 8§ g fi , * 15" B ©«5?i«j*eaiftfc 
ft £ i£ 5t 5 2 0 1 Oift0)tgAS(f|SBO|O36^6!) 

* jfc k f © i (s , * n t ft 5 . mm<Dmm i swi^tp 

«t fc , ft^l$ftft3§;R£ U (otll tt5t 1 T O 
( » 1 6 ) # ffc ?> o •. 
A4, to , =0 16) 
-f ft *> , ft&AtfJft^ftftftgggt, ft 3& B <7> ft #S ft 
fc#f&*©W©JStt, i? n £ ft 5 „ ft^iftftftjiSStDSitfS 

^ B "C- & § , )feKAX03tKBopgtiifijiiiii4 
u ft v> „ :©±5i:, ft % a t ft ,m b t <d m <d & n n » » 

->-h^fei^{^5 2 0 lOfelf LI ( gc 1 5) 
SijfctStS^ i? n |c ft 5 o 

£i _h O <£ 5 fC > | 1 6 t# 5 ft x ^ * , ft 
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KAi*»Bi:0|lllo**«ift36 8f©jg|j:, i? n -e fc £ 

<d tc #> , mM (d mm 1 eic^^st^/w^tt* ft an s& 

fc * Tf * , #eilS»a» & ffi It 5 £ £ # 

t'f 5. 

A M -T 5 AT ft © ft ft » S^*feiKii^tti^t5ltf)t 

© ft # a* , v^-ftbtz^isjtiic^i-so-e", ^ £p <t ft i£ 

S§t^f¥!ui^t5rt^t'l5 0 ft i£ g& ^ A 

fltJtlrSJttSS**^* if <D ftSS p"p £ , ft 3| g§ £ Sr 

* , ^ as © ^ is i 6 t # 5 ft ^ * « , asi; 

ft 8& B , 3fe^tt**KftSSas^C«3fe«ftll*felF|JSr2 
ft * * , 2ft<03fcK*S3S&IWC35^-r53t^«J*3fca&* 
© ?B a* , f n f 5 4 iOifiStCJ; 9 N - o © ft jg © 

H i ^ t' p t f 5 : f ^5 „ 

* , HJfeoii l 6 t'iS^T/W/H:, y 2r |Sj {c m 

T? > «t> 'fr h % 1 ^ifiJtCf&oTHiLSfc^oTJStff^aS 

Jff^tCio-Ct-K^ft^jlliML, 
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fisss*. z^fttvfT-efcv^iRiJ^&AitLfcft*^© 

3fc $i £ ^ z*|Si--tf9ilf5tfeOSltl5 102i:, z 

— t!)lllf5fc*©HltE5 10 3^tA/f^5 o £ £> 
SMI 5 1 0 2 £ £ It ffi 5 1 0 3 b tt s * mm ± 

SB t? & 5 . 

£ 0> * fife fc: J: !> , z^l^t^ff-e^VN^lfii^Pj^e^SS 
-C # 5 „ * , z&lftbW-ft-ete^jJlul^ytfem&fab 
*s T* £ 5 0 

* » Ilroll 1 6 \cm & % f x , V — h ft ft 
v^ x , S It ffi 5 i o 2 ti 0 ft t )t o t ^ t *5 

m <d ( j + o . 5 ) f& ( j = o , i, 2, 3 • • • ) kl m 
t^o - © « £ j: , \t-^%\txmmbmMmbx^m 

(Uto^IBi 7 ) 

ft % *&w<Dnm<?> : &mi 7 * mm -t z> 0 mm <vmm 
i 7 T'iini©3gi i 5 b m — M&\zo^xte®.w&mf& 
taa^^^^u£pji-5o mm (o mm i i <o ^ ^ ?■ * — 

F =? & ~ ft & 5 3 0 0 fi % 03 6(C^bfc-^7V^^E- — K 
=F & -ft f&m 5 1 0 0i«El»«LV>*j«*{iiT*5t> % A 
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MB 5 3 0 4 k , tiiMB 5 3 0 5 t , *S - h ft ft & & & 5 
3 0 1 kom&tf&teZ. 

t # - # n£ §g 5 3 o o<om#%iifim&itixz,m&<Dmmm 

T? * S . SI 4 0 tt , T/Uf * - Kf#I^«* 5 3 0 0 * 
> 03 6 RTF® 3 7 t*UfcHIO^« 1 5 |C ffi 5 ^ ^ 

Br ffi H T* & 5 „ 

0 0 'V- bft3tfi«K 5 3 0 1 tt, +'fctt5 101aJ&S* 
:*: ® #r ^ n max T- $> 3 0 htt*fiai} 5 3 0 1 ft, * 

tlSlolatJftiHt, (l) SCIrSStSIJf 
2£ # * £ o 0 £ f c N ^ - h # ft fg -31 K 5 3 0 1 tt , y % 

It. tt v^ . 

'>-M«*ftS» 5 3 0 UjS^t, A»» 5 3 0 4 A> 
?>Altt5f|f3fctt, SM®5 l 0 2 ± © „ > — > 5t -fe 
* © * _tt 5 1 0 1 a -C % x * fp| ¥ ^ n ^ ,~ g ^ ^ ft 
5o 1" ft *3 , Altg|55 3 0 4©y^|S)©g$| r j||o[Ci 

St5iifci9, ft * £ % R-lt ®5i02±o N > - 
h3fcfi^K©tfiiC?tt5 1 0 1 a-e, x # ft \z ¥■ ft ft m. ft \ZL 

* fc , f-h«*fi»» 5 3 0 lttJ^t, ft It SB 5 3 
0 5^&ait-f*fl|-§-3fctt, K»I5 1 0 3 Jh CD % > - h 
3tfii£l&©tf»ifrtt5 1 0 1 a-C, x^fcfc^frfti&fl^fc^ 

5te^^fcm, mj*tt5io5a»feaiJt-*-5. -r 4 *> *> s a 
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5 3 0 5 ©y*^i©S$5:I^|:^£t5;i|:j;!) 

, ft # % £ . RWiS5 1 0 3±o, - h % & (O ■*> ifr 

g& 5 l 0 1 a -e, x#fite¥?Tfc*ft:RK:*3te1-3£fctfS"C 
# 5 , 

£ fC , - HfcJtfiSH 5 3 0 1 14 , i <D t * , — 

h 5 3 0 1 0Slfl5 1 0 2i^Sltl5 1 0 
3lt®t-tfP5 1 0 1 aiC&H-Si&SlHj&ft&S L R _ 

R tt , T © ( it 1 7 ) ©Mi^i^ttv^S, 

^-«= — 0 = 0,1,2,3...) mi 7) 

( * i 7 ) wt , HMftjfcKft l R _ R as „ - h ft ft 

i£ & 5 3 0 ll*I^SS=fT-r5ft-e-7feO^{^(D!!r&fTjS^CD^ 
SiC^t^LVN^i^^^LTVNS,, (f 1 7) S:lSt 
* a «J * * !& * L R . R ^f £f5 SltS 

5 i o 2±-exjjm\z¥.ftftmtf:\zMyti' ttm ■§• * t* % r 

lt®5 1 0 3_LlCx;frfim¥fT*i»:i*te¥ST*£3fe-t-5o 

t f: ^ o t , Kltl 5 1 0 1 1 0 2 i © H 

f4 % y z ¥ ffi t ? rt-e3fe^«Jfctt*«BBfll3JSriGSc-f 
5„ r © i # % 3feJfcAa*JSt5a3f*f4, Jt K b iiJ Kli; 5 

m © & ft m , ^—htte^Bs 3 o i©4S»a«n5e*Kft 
L R _ R £ , ( «fe l 7 ) lr»JSt5 J: 5 CRStS t , < 

5 t> H I © i i 1 7 lc ^ 5 )t f /W ^ li , 

- h ft ft e i£ s§ 5 3 o i ^e^$nsiiico^i^©9*>, 

168 



WO 2004/104662 



PCT/JP2004/007136 



*^Ai:*|B t © W © ft ¥ «J ft ft. & ft W £ HU * n t ft 

0 T V* 5 . ^^Air^KBirWF^cfeffiiij:, ft £i i£ S& ^ 

ft , mm<DMM 1 7 |c ft 5 ft 7 s * 4 X fi % ft i£ S& fc A It 

1 fc ^ © g i i , ai#t5^©ftf tt-s^-frsi 

* N it©f i l 7fc#53fe7*^-f^tt, ft i& A 

ft B fi , ft^ttfcftfcft3eas«ai1-5aja-&j#fcfc^ 0 

- © fit <fc 9 , *8ARlFB©&fti^^Dtt5ii 

* X' # 5 „ 

* s © 7£ ^ i 7 k: 5 ft « N ± 3& © — 

h ft ii£ SS fl* % It ® 5 1 0 2 kRZtffi 5 1 0 3 <h £r 
*■ , f» >fr & 1 0 1 a *5 ft 5 fit # ffi 1 0 2 iS^ffil 0 3 

t © m © ® a ft ft ft B& ft # % JBJff^a-^JteS-sv^-cJfcfrL 

-Ce^$tb53fei^©!lr6^Tjl^(Dj/2^(j=0, 1, 2 
, 3 • • •) jZHgt L I* „ * fc , ift©Jgl 1 7 ©Jfef^W 

* tt * ft ft 2* , ftfiSfc©3&l;frl$J©JlE£aS2£a-fcft5 

* 4? U "t? > y*fiJRVz^fiiH:*lctt3aEi-S x 2r |6] K ¥ 
ft/S£#cfc^fcft£;}x.5 0 

- © fit fiic J; ?) . f & & Ic *5 ft 5 S It S ffl # ; ft ^ 

£ © fc * % fit It Bo M "C , - o © ft & fi s 

(itoii i 8 ) 
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i s fiiii©iii 5 t m - u & m o w r « r bj & « bs 

31 M © %J H i 8 © v ^ ^ 

K^#-^tt#5 4 0 Oli, B 3 6fcij*Lfc^/U^*- K 
^#-#ll£^5 1 OOi«*«U^J«fc**Tj39, A 
^Sf 5 4 0 4 &M&540 5RXftiiM%l5406 t, 

9 S - h #t 3fe i£ S§ 5 4 0 1 fc©*jfc#Jl;fc5 0 

04 ia{4, ^mm<Dmm<DMmi stc^s-^^^* — 

HI T* 5 „ 14 1 Ali, * - KT#Z^(S^5 4 0 

0 £ s 1213 6 ft & m 3 7fc:^UfcH5J6fl!>Jgffii 5 # £ 

/vf * - KT#z^gjg5 i o otDM&tm — <vmmx*m 

*> - Ht*6iSK 5 4 0 1 Wc „ ^»*6A«Lfci** 

Sry^flRlKKDCfc. z % ( i£ 2f fa ) |c e » ffi 

5 o •>-h«3fefiSK 5 4 0 itt, z^lSlCMSlCEltl 

5 4 0 2 .£. T>* £ It ® 5 4 0 3 £ # o 0 
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